Objective. e European Academy of Teachers in General Practice / Family Medicine (EURACT) has developed an educational agenda, the key document for teaching family medicine in Europe. e aim of our study was to nd out how nal year medical students at the beginning of their family medicine clerkship understand the discipline of family medicine. Methods. e attitudes toward family medicine were paraphrased and developed into a 164-item questionnaire, which was administered to 335 nal-year medical students at the beginning of their clerkship. Using combinatorial optimization with genetic algorithms we selected 30 items which yielded the highest Cronbach alpha reliability coe cient. Finally, we performed a factor analysis to nd which dimensions of family medicine were recognised by the students and compared them with the domains de ned in the EURACT de nition. Results. e 30-item questionnaire had a Cronbach alpha reliability coe cient of 0.919. e di erences between male and female students were not very signi cant (p=0.061). With the factor analysis we recognised seven factors, belonging to three out of six domains of the EURACT educational agenda: primary care management, personcenteredness and comprehensive approach. Conclusion. Final-year medical students at the beginning of their family medicine clerkship understand some of the dimensions of family medicine rather well, but they are not aware of some important competences of family doctors. ere is a necessity to teach students about speci c problem solving skills and the importance of balance between the health needs of an individual patient and the community.
Introduction
In the majority of European countries, general practice / family medicine (GP/FM) is a fundamental part of the health care system. General practice / family medicine is a professional and scienti c discipline with its own de nition and competences. e key document which explains the discipline is European De nition of Family Medicine (1) . GP/FM is now taught in most medical schools in Europe and vocational training is mandatory in most countries; in some of them new programmes for vocational training have been recently introduced (2) .
An FM clerkship can allow students to understand the importance of primary care and of the signi cance of the general practitioner's role in the healthcare system, and may also in uence their career choice (3) . A er classes in FM, students report an improvement of their knowledge and attitudes towards FM, they form a positive perception of primary care practice and may also change their perception about the professional demands of primary care physicians (4) .
To ful l the aims of FM teaching, the Academy of Teachers in Family Medicine (EURACT) developed the Educational Agenda, the key document on FM teaching in Europe (5) . e agenda is written as an explanation of the core competences of FM. It also includes a template with a list of broader objectives, teaching methods and assessment tools for each of the competences.
ere are some reports that the competences de ned in the Educational Agenda are not understandable to medical students or to experienced general practitioners (6, 7) . Students usually understand the clinical competences of family doctors (8) , but fail to understand other competences of family doctors, such as long term care and patient centeredness (9, 10) , community orientation (7) and medical leadership and management (11) .
As teachers, we would like to know how our student at the beginning of our rotation understands the discipline and to adapt our teaching if the student's understanding of the discipline is not su cient. e aim of our teaching is for students to know and value the broad spectrum of competences which are typical for FM.
Based on our previous analysis (12) we decided to enlarge the sample of students participating in the research and to try to analyse the statements in the questionnaire as a whole (not divided into competences according to the de nition) by using a genetic algorithm based combinatorial optimization, and later, by factor analysis, to nd out which dimensions of FM were recognised by the students. Genetic algorithms have already been used in medicine, mainly for image segmentation tasks, but also for feature selection and model optimization (13, 14, 15) .
Methods
All nal-year (6 th year) students at the Medical Faculty in Ljubljana, who were at the beginning of their family medicine clerkship, were invited. Nobody refused participation.
e questionnaire was distributed to 335 students; 112 (33.4%) male and 223 (66.6%) female students. 14 questionnaires (4.2%) were excluded from the analysis due to incomplete data. 321 questionnaires were included in further analysis. e questionnaires were distributed by teachers at the beginning of the family medicine clerkship.
Development of the dra questionnaire
e questionnaire about attitudes was developed speci cally for the purpose of the study. In the rst stage, the European de nition of FM was distributed to a group of 30 experienced family physicians (teachers of FM, involved in the teaching process at the undergraduate level). ey were asked to use their imagination in developing statements that would re ect attitudes about each of the core competences listed in the Educational Agenda (5) . e statements were collected and paraphrased by one of the researchers (MPS) and organized into a list of statements that could be used in a questionnaire. is dra questionnaire was then sent to the same group of teachers for comments. A er the comments were received, two researchers (IS, MPS) independently assessed them. e formulation of the dra questionnaire was the result of a consensus meeting between the two researchers. ere was no need for a third expert to sort out potential con icts. e result of this process was a list of 164 statements.
A seven-point Likert scale measures agreement. A score of 1 means total disagreement and a score of 7 means total agreement. e dra questionnaire consisted of 164 statements based on the Educational Agenda. In order to ensure maximum condentiality and anonymity, no social or demographical data except gender was collected. A detailed explanation of the development and validation of the dra questionnaire has already been published (12) .
Selection of items for the nal questionnaire using a genetic algorithm
To nd the subset of questionnaire items with the largest possible Cronbach alpha coe cient, a search procedure called "combinatorial optimization" must be applied. One of the best combinatorial optimization methods is the genetic algorithm (GA) (16, 17, 18) .
GA, which belongs to the larger class of evolutionary algorithms (EAs), is a robust optimization algorithm that mimics the natural evolution process. It uses evolutionary operators, such as inheritance, selection, mutation and crossover. In EAs, a problem may be viewed as an environment, and feasible solutions may be viewed as individuals living in this environment. Similar to natural evolution, where the ttest individuals generally tend to survive, the best solutions in an EA also tend to survive, create ospring and mutate in order to produce even better solutions.
Each potential solution may be viewed as a chromosome or genotype. It is usually a string, composed either of bits or real numbers. A population of chromosomes encode candidate solutions to an optimization task.
e initial population consists of randomly generated chromosomes. Using evolutionary operators of selection, mutation and crossover, the next generations of the population are produced. On average, each subsequent generation consists of better chromosomes or solutions for the task. We are usually interested in the best chromosome that appears during the course of the algorithm, being the best solution so far.
For a GA an evaluation or tness function must always be provided. It measures the quality of each chromosome, as a candidate solution to the speci ed problem. is is the only strictly problem-speci c part of the genetic algorithm. e others may be more or less generic.
In our case, a chromosome encodes which items are present in the itemset. Since we are looking for the best of all the itemsets of a particular size, a xed number of bits has the value of 1. In this case it is not possible to mutate bits in a random manner, since the number of items may change. What we need is a mutation that performs only permutations on the chromosome. With some small probability (mutation probability) a randomly selected 1 is replaced by a randomly selected 0. erefore, an item is replaced by some other item. e crossover operation is more tricky and will not be described here.
Our goal was to nd a subset of the questionnaire items that would yield the highest possible Cronbach alpha coe cient. On the other hand, it is known that larger subsets yield larger alpha values. As a reasonable size for the questionnaire (the number of items) we chose 30.
e size of the search space (the number of all possibilities) is huge. It amounts to which is the number of di erent 30-item subsets out of a 164-item set. It is obvious that no method is guaranteed to produce the optimal solution. However, the GA usually nds near-optimal solutions. e value of the alpha of a candidate subset serves as the evaluation function of the corresponding chromosome.
Basic data analysis
We used descriptive statistics: mean values of Likert scale values with standard deviation (SD) for the description of item values and independent sample t-test (two-sided) to compare the total score of the questionnaire between male and female students. We considered a p value less than or equal to 0.05 to be signi cant.
Factor analysis
A principal component factor analysis with varimax rotation was performed to condense the attitudinal items that predict career choice in family medicine into a smaller number of coherent factors. Items that showed a minimum factor loading of 0.5 and factors with eigenvalue greater than 1 were retained.
Two independent researchers (MPS and IS) explained the meaning of the factors. e nal explanation of the factors was the result of a consensus meeting between the two researchers, who had discussed the comments and made the nal description of the factors. ere was no need for a third expert to sort out a potential con ict.
Ethical approval
e study was presented to the national ethical committee and was given its approval.
Results

Description of the sample
We analysed the questionnaires of 321 nal year medical students, 109 (34%) male and 212 (66%) female, at the beginning of their family medicine clerkship.
Description of the 30-item questionnaire
e genetic algorithm was run for 1000 generations, with 500 chromosomes in the population. Using the genetic algorithm we found the best (or near best) 30-item questionnaire, regarding Cronbach alpha. e reliability of the questionnaire, assessed by Cronbach alpha was 0.919. e resulting items are presented in Table 1 . e mean sum of all items was from 41 to 203, with a mean of 173.7 (SD 19.2). e di erences between the male and the female students were not signi cant (t-test, p=0.061).
Factor analysis
Using the component factor analysis with varimax rotation we explained 57.3% of the total variance. e proportions of the variance explained by the particular factor a er varimax rotation (rotation sums of squared loading) is presented in Table 2 . Table 3 presents the items, classi ed by factor analysis. Items with loading of 0.5 or more and the component to which the item belongs were bolded. Six items had loading of less than 0.5.
Based on the factor analysis, we identied seven factors explaining the students' understanding of FM. e rst factor which explains most of the variability is related to prevention and palliative care. e factors are as listed: Table 4 shows the comparison of the students' understanding of the discipline with the competences of general practice/family medicine de ned by the educational agenda. Students recognised three out of six competences quite well. ey failed to recognise the competence of speci c problem-solving skills, community orientation and the holistic approach. Computerization helps to achieve a high quality of work 2-7 5.79 1.14 Physicians should know the legal framework of the health care system 1-7 5.89 1.21
Patients should know their rights and also their duties 1-7 6.14 1.40
If necessary, the family should be included in the treatment 1-7 6.14 1.13 
Discussion
Using combinatorial optimization with the genetic algorithm we selected 30 out of 164 items which yielded the highest reliability.
Using the factor analysis we recognised seven factors which belong to three of six in the EURACT Educational Agenda prede ned competences of FM. Based on our analysis we found that students understand the competences of primary care management, person-centered care and comprehensive approach quite well, but they are not aware of speci c decision making processes, the importance of balance between the needs of individual patients and the community, and the concept of holism. All the items in the 30-item questionnaire had positive connotation and expected answers were closer to 7 than 1. However some students answered certain questions negatively. e reasons might be a lack of student motivation for completing the questionnaire, which was originally long and time consuming (12) , or a lack of understanding of the discipline at the beginning of their FM clerkship. e participants had already had experience in hospital settings, but not necessarily experience in primary care. In hospital settings there are patients with severe illnesses, requiring a high intensity of care. ere is inadequate opportunity during classroom learning to teach about care continuum, cost e ectiveness, chronic disease management, family and patient perspectives and the impact of the social environment on illness (10) .
Based on the sum of all the 30 items we found that generally the understanding of the discipline of FM in our sample of students was of an acceptable level. ere were no gender di erences in the perceived meaning of the discipline of FM. e clerkship in FM in the last year of their study is their rst classroom learning in primary care (19) , but with our results we con rmed that students generally obtain knowledge about primary health care from practical experience rather than from classroom learning (20) .
Social justice, patient-centeredness, partnership, communication skills and empathy were factors recognised by the students that express the social role of family doctors. On the other hand, among the selected items there were no statements which belong to the competence "speci c problem-solving skills", which cover the characteristics of the speci c decision making process of family doctors and present a key characteristic of the family doctor as a medical expert.
Based on our analyses we could con rm the ndings from the research about medical students' attitudes toward FM, that students value the social role of family medicine and family doctors more than their scienti c value (21) . We could add that students also recognise the importance of organisational and management skills of family doctors and recognise them as teachers in organisational and management skills. In a systematic review it was found that students recognised the need to develop leadership and management competences, since relatively little emphasis was placed on leadership and management in medical curricula (11) .
Students did not recognise the important role of family doctors in incorporating the community in the management of patients. Hospital based learning was focused on biomedical knowledge necessary for treating acute ill patients, but long-term care of chronically ill patients should be patient-centered and should take the community into account as well as the individual patient (10) .
Students also failed to recognise that the holistic approach to patients is one of the most important characteristics of FM. e concept of holism is multidimensional and might be misunderstood as complementary and alternative medicine (6) . Speci c teaching methods exist by which the holistic approach may be taught (watching movies, students' letter to patients) (22, 23) . ese methods were not used in previous education programs.
When comparing our results to the results of other studies, we were able to conrm that students understand the clinical competences of family doctors (8) , but fail to understand some other competences of family doctors (7, (9) (10) (11) . In a qualitative research synthesis about medical students' perception of and attitudes towards family medicine, it was found that most of the included studies describe factors which inuence a career choice for family medicine (24) . e correlation between understanding of the importance of primary care and the signi cance of the general practitioner's role in the healthcare system and career choice was detected (25) . Positive perceptions regarding the possibility of having long term doctor-patient relationships and of treating complex disease patterns when working as a family physician, appears to be associated with the attractiveness of a career in family practice (26) .
Strengths and limitations
e study was conducted on a representative sample of nal-year medical students at the beginning of the FM clerkship. e questionnaire was developed speci cally for the purpose of the study, adhering to the principles of qualitative research. e genetic algorithm is one of the best and most robust combinatorial optimisation methods. We could hardly expect a subset of items with much higher reliability than what we achieved.
Our study also has several limitations. We included only students of one of the two medical faculties in the country. Due to the slightly di erent curriculum of the Medical School in Maribor, their students could have a di erent understanding of the discipline at the beginning of their FM clerkship. Due to the cross-sectional design of the study we did not have to estimate some important aspects of reliability and validity, including test-retest reliability or responsiveness to changes.
Students answered the selected items with the whole range of possible answers (from 1 to 7), but the mean scores of the items were closer to the maximal value, since all the items had positive connotation, potentially leading to an "acquiescence" response style and possibly causing the result to be more positive regarding the understanding of family medicine. Some of the items included in the factor analysis had loading below the acceptable level and were not taken into account in the explanation of factors. On the other hand, based on the factor analysis, some of the factors consisted of items, which were contextually not suited to the other items in the factor and should be considered as non-classi ed items.
Implications for practice
Medical students should be taught the unrecognised competences of family doctors as part of the FM curriculum. As teachers we should adapt our curricula to address the competences which were not recognised by the students. Combining professional knowledge with a broad concept of humanistic personal development is a never-ending story and an important issue for medical schools in general, and some e orts have been already made at our Medical Faculty (27, 28) .
In the seven-week clerkship of FM at Ljubljana faculty (29) we have to have a realistic view about the in depth understanding of some very complex concepts such as the holistic approach, which is sometimes di cult to understand even for experienced doctors. We are also aware that to understand speci c problem-solving skills and community orientation, some more experience working in FM and close and long-term contact with patients is required (10, 30) , but the clerkship should o er at least a basic understanding of these competences.
It would be interesting to check the students' understanding of the discipline a er the implementation of our traditional curriculum of FM and a er the adaptation based on our analyses, in order to see the in uence of the adapted curriculum.
Implication for research
It would be interesting to know how experienced family doctors understand the discipline. ere were some reports that even family doctors have a problem understanding the concept of holism. Family doctors' understanding of the discipline could be a template for adaptation of the EURACT definition of general practice /family medicine. It seems that the concept of holism is not a separate competence, but a general concept and covers the other ve competences.
Conclusion
Final-year medical students at the beginning of their family medicine clerkship understand some of the dimensions of family medicine well, but they are not aware of some important competences of family doctors.
ere is a need to teach students about speci c problem-solving skills and the importance of balance between the health needs of an individual patient and the community.
